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Background:  This  is the  ﬁrst ever  study  on  the  planning  of  the  supply  and  demand  for radiographers  in
Lithuania.  The  aim of this  study  was  to  analyze  the supply  and  demand  for radiographers  in the  labor
market  with  respect  to their  number,  structure,  and  services,  and  to provide  a prognosis  for  the  period
of 2012–2030.
Materials  and methods:  Supply  was  calculated  using  two  scenarios  with  differing  duration  of  studies,
annual  student  drop-out  rates,  rates  of  failure  to start  working,  the annual  number  of  new  entrants  into
the  labor  market,  and  emigration  rates.  Annual  mortality  rates,  the  number  of  ﬁrst-year  students,  and
retirement  rates  were  evaluated  equally  in  both  scenarios.
Two  projections  of the  demand  for  radiographers,  based  on the  population’s  differing  (by  age  and
gender),  need  for outpatient  radiology  services,  computed  tomography,  and  magnetic  resonance  scans.
Subsequently,  the  supply  and  demand  scenarios  were  compared.
Results:  Evaluation  of  the perspective  supply  and demand  scenarios  –  which  are the most  probable  –
revealed  a gap  forming  during  the analyzed  period,  the  predicted  specialist  shortage  will  reach  0.13  full-
time  equivalents  per  10,000  population,  and  in  2030—0.37  full-time  equivalents  per 10,000  population.
Conclusions:  Considering  the  changes  in  education  of  radiographers,  the  socio-demographic  characteris-
tics  of  the staff,  and  the  increasing  need  for radiographers’  services,  the  supply  of radiographers  during
the  next  two decades  will  be insufﬁcient.  To  meet  the forecasted  demand  for  radiographers  in the  per-
spective  scenario,  the  number  of students  choosing  this  specialty  from  2013  on should  increase  by up  to
30%.
rs.  Pu© 2014  The  Autho
. Introduction
The Republic of Lithuania is situated on the east coast of the
altic Sea and has a population of 3 million. The main objectives
f the health system are to improve population health, access to
ealth-care services and the quality of services [1].
Radiology is one of the most rapidly developing ﬁelds of modern
edicine where technological progress and an increasing number,
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complexity, and extent of radiological services require strategic
planning of the supply and demand for human resources (radio-
graphers) in order to ensure further provision of quality services
[2].
Many literature sources deﬁne a radiographer as a health care
specialist responsible to perform safe and accurate imaging exam-
inations and post processing, using a wide range of sophisticated
technology in medical imaging [3,4]. A radiographer is profession-
ally accountable for the patient’s physical, psychological, and social
well-being, prior to, during diagnostic procedures [3,5,6]. The ﬁelds
of these specialists’ activity include organization of the workplace,
an accurate and safe execution of medical radiological procedures
[4], and ensuring the quality of medical radiology services [6,7].At the beginning of 2012, 869 radiographers were working in
Lithuania; in 2011, there were 2.7 radiographers and 1.4 radiolo-
gists per 10,000 population [8]. In Lithuania, a radiographer usually
works in a team with a radiologist who prescribes and coordinates
his is an open access article under the CC BY-NC-ND license
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he radiological procedure, and thus such principles of work orga-
ization result in a low radiologist–radiographer ratio (1:1.9). In
orthern Ireland, the standard radiologist–radiographer ratio is
:6.07 [9]. In 2005, the number of radiographers per 10,000 pop-
lation in Northern Ireland was 3.2, and in 2010, there were 3.7
adiographers and 0.4 radiologists per 10,000 population. In Great
ritain, the respective numbers were 0.5 radiologists and 4.2 radio-
raphers per 10,000 population. In European countries, the average
umber of radiologists is 0.8 per 10,000 population [2], i.e. nearly
alf that in Lithuania, while the respective numbers of radiog-
aphers are higher: in Great Britain—by nearly one-third, and in
orthern Ireland—by one-fourth.
The extent of radiographers’ services in Lithuania has sig-
iﬁcantly increased over the last decade. Compared to 2000,
he number of X-ray images produced in 2011 increased by
2%, the number of computed tomography (subsequently—CT)
cans—by 50%, and the number of magnetic resonance imaging
subsequently—MRI) procedures—by nearly 15-fold [8].
Despite signiﬁcant progress in the ﬁeld of radiology and an
ncreasing number of radiological services, a radiographer’s posi-
ion in Lithuania may  be taken by nurses, midwives, or other
ealthcare specialists who had undergone additional 4.5 month-
ong non-formal training, which does not meet the European Union
subsequently-EU) trends. In many EU countries professional train-
ng of radiographers covers bachelor, master’s, and doctoral studies
10].
Since 2013, higher education of radiographers has been
ntroduced in Lithuania and this will inﬂuence the supply during
he next two decades. A transition period in education and training
f radiographers is likely—at least until the ﬁrst wave of gradua-
es complete their bachelor studies. Employees in the future will
ot be able to react sufﬁciently rapidly to the growing demand for
adiographers.
The prognosis of the supply and demand for radiographers in
ithuania may  be inﬂuenced by the perspective increase in the efﬁ-
iency of healthcare technology use and the growth in the number
T and MRI  scanners in an attempt to approach average European
evels [11]. In 2012, the number of CT scanners per 1 million pop-
lation in Lithuania was  17.7—i.e. by 13% less than the EU average
20.4 CT scanners per 1 million population); the number of CT scans
er 1,000 population in 2012 was 58, compared to an average of
40 CT scans per 1000 population in the rest of Europe in 2008
12]. The percentage of CT scans per 1,000 population in Estonia is
y 79%, in Iceland—by 64%, in Germany—by 50%, in Denmark—by
5%, and in The Netherlands—by 12% higher than that in Lithuania
11].
The average number of MRI  scanners per 1 million population in
he rest of Europe is more than twice as high as that in Lithuania, and
he number of the scans per 1000 population in Lithuania is among
he lowest, compared to the other European countries. In 2012, the
umber of MRI  scans per 1000 population performed in Lithuania
as 14, which is less than 1/3 of the average number of MRI  scans
er 1000 population (i.e. 48) in the rest of Europe in 2008. The
umber of MRI  scans per 1000 population performed in the afore-
entioned countries (Estonia, Iceland, Germany, Denmark, and
he Netherlands) exceeds that registered in Lithuania by 70–86%
11,12].
These data suggest that during the next two decades, the
umber of MRI  and CT scanners in Lithuania will increase by,
ccordingly, 56% and 13%, and the number of scans per 1,000
opulation—by, accordingly, 70% and 59% to reach the level of other
uropean countries [11,12]. These changes would result in a signif-
cant rise in the need for radiographers.
Over the last decade, several studies have been performed in
ithuania, focusing on the evaluation of the supply and demand for
uman resources in various ﬁelds of healthcare [13–16]; however, of Radiology 83 (2014) 1292–1300 1293
so far there have been no studies in Lithuania on the prognostication
of the supply and demand for radiographers.
2. Materials and methods
Data about radiographers were collected from several sources;
the usefulness of these sources was limited by incomplete infor-
mation they contained, and thus data from several databases were
combined (Table 1).
2.1. Supply projections
To evaluate the supply of the specialists, the following data
sources were used in the study:
• The State Register of Sources of Ionizing Radiation and Occupa-
tional Exposure compiled by the Radiation Safety Center (RSC).
Upon request, the RSC provided data on the number of the spe-
cialists, their age, and the number of specialists entering and
leaving the labor market during 2002–2011.
• Annual reports of the Health Information Center of the Institute of
Hygiene (HI SIC). They provided data for the analysis of changes in
the number of radiographers and radiologists and their full-time
equivalents (subsequently—FTE) during 2000–2011.
• Specialist training institutions: upon request, the Center for the
Self-Training and Specialization of Nursing Personnel (CSTCNP)
and Vilnius College provided information about specialist train-
ing during 2000–2011.
Supply was calculated using two scenarios (Table 2).
2.2. Annual enrollment in radiography programs rate
According to the available data received on request from special-
ist training institutions, on the average, 35 radiographers started
their studies annually during 2002–2011. This parameter was  set
at n = 35 in both scenarios.
2.3. Annual student drop-out rate
Student drop-out rates in radiography studies were not appro-
priate due to the short duration of the studies (4.5 months), but the
perspective scenario included the drop-out rate of 16% based on
foreign experience and studies of other health care socialist groups
in Lithuania. A study on the planning of the demand and supply of
radiographers in Australia showed that, the student drop-out rate
was 16% [17]; in Northern Ireland—8% [9], and in Great Britain—25%
[18], the average evaluation in those three countries being 16%.
Also, student drop-out rates in radiography may  be expected to
be similar to those in nursing (also 16%) due to the relationship
between the two specialties [13], and thus such percentage was
selected on the basis of the study “A Pilot Analysis of Medical Per-
sonnel: Numbers, Demand, and Workload” conducted in Lithuania.
2.4. Annual number of graduates who fail to start working
In the intermediate scenario, the inﬂuence of those who grad-
uated yet failed to start working was evaluated as 14.3% (n = 5),
according to the available data for 2002–2011 from the train-
ing institutions and the RSC register. Considering the transfer of
radiographer training from non-formal education to professional
bachelor studies, an assumption was  made in the perspective sce-
nario that students who  choose this specialty are more motivated
and determined to become radiographers. It is also likely that the
increased duration of the studies will reduce the number of health-
care specialists who  would like to acquire this specialty merely as
1294 A. Vanckaviciene et al. / European Journal of Radiology 83 (2014) 1292–1300
Table 1
Data sources, their update frequency, and inﬂuence on the supply and demand for radiographers in Lithuania.
Data source and
data provided
State Register of Sources of
Ionizing Radiation and
Occupational Exposure
HI SIC database Information system
SVEIDRA
Specialist
training lists
Data sources for the
calculation of supply
Data sources for the
calculation of demand
Institution RSC HI NHIF CSTCNP,
Vilnius College
+ +
Annual reports No* Yes No No + +
Number of persons Yes Yes No Yes** + +
Full-time
equivalent
No  Yes No No + +
Age  Yes No No Yes** +
Number of
radiological
procedures
No Yes No No +
Number of a
radiology
services
No No Yes No +
Number of
graduates
No No No Yes** +
Number of labor
market entrants
Yes No No No +
Number of those
who  left the
labor market
Yes No No No +
Number of
radiology
equipment
Yes Yes No No +
* RSC—do not provide data on radiographers in their annual reports.
** Annual number of people completing their specialty training program of a radiographer.
RSC—Radiation Safety Center; HI—Institute of Hygiene; HI SIC—Institute of Hygiene, Health Information Center; NHIF—the National Health Insurance Fund under the Ministry
of  Health; CSTCNP—Center for the Self-Training and Specialization of Nursing Personnel.
Table 2
Scenarios and parameters for supply and demand forecast.
Parameters Intermediate scenario
of  the supply (n/%)
Perspective scenario of
the supply* (n/%)
Intermediate scenario
of the demand
Perspective scenario of
the demand
Inﬂuence on the
supply
Inﬂuence on the
demand
Duration of studies 4.5 months 4 years – –
Annual enrolment
in radiography
programs rate
35 35 – – Increases –
Annual student
drop-out rate
0 6 (16%) – – Decreases –
Annual number of
individuals who
failed to start
working
5 (14.3%) 1(3.4%) – – Decreases –
Annual rates of
labor market
entry
30 28 Increases –
Annual retirement
rate (>65 years of
age)
2.72% 2.72% – – Decreases –
Annual mortality
rate
0.24% 0.24% – – Decreases –
Annual migration
rate
0% 0.5% – – Decreases –
A  change in the
number of a
radiologis’
consultations
– – 2009–2011 2009–2011 – Increases
Changes in the
number of CT
scans
– – 2009–2011 2.3% annually – Increases
Changes in the
number of MRI
scans
– – 2009–2011 4.7% annually – Increases
Service complexity
and new
technologies
– – 1% 1% – Increases
* The inﬂuence of the parameters in the perspective scenario of supply was  only evaluated from 2017 on, taking into account the initiation of professional education and
training  in 2013, with the duration of the studies being 4 years.
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n addition, without actually planning to work in this area. Consid-
ring the aforementioned assumptions, the inﬂuence of failure to
tart a radiographer’s career was reduced to 3.4% (n = 1).
.5. Annual rates of labor market entry
The evaluation of the available data for the period of 2002-2011,
ccording to the intermediate scenario, the forecasted number of
ew radiographers entering the labor market annually would be
0 (Table 2). In the perspective scenario, this number would be 28
taking into consideration student drop-out and emigration).
.6. Annual retirement rate
In both supply scenarios, the retirement rates at the age of 65
ere evaluated on the basis of the available RSC data for 2000-
011, and were, on the average, 2.72% (n = 29) annually. This age
as selected because in Lithuania, the retirement age is being grad-
ally increased and until in 2026 it reaches 65 years of age. Factual
ata for the period of 2000–2011 show that radiographers older
han 65 of age comprise only 1.7% of the total number of employees,
lthough in 2011, 14% of all employed radiographers were 61–70
ears of age. Therefore, an assumption was made that radiogra-
hers leave the labor market at the age of 65.
.7. Annual mortality rate
When calculating both supply scenarios, the total mortality of
ithuanian 25–64 year-old women was evaluated because 97.2% of
he personnel were women. According to Statistics Lithuania, the
verage mortality in this age group during 2005–2011 was  0.24%
19].
.8. Annual migration rate
In the intermediate scenario, this variable was  not evaluated due
o the differences in education of radiographers and the fact that
heir diplomas are not recognized abroad, and thus an assumption
as made that currently, there is no emigration of radiographers.
he rate of 0.5% was included into the perspective scenario, tak-
ng into account emigration rates of other healthcare specialists
midwives and nurses) in Lithuania [13].
.9. Demand projections
To evaluate the demand for the specialists, the following data
ources were used in the study:
The information system SVEIDRA of the National Health Insur-
ance Fund under the Ministry of Health (NHIF) provided
information for the period of 2002–2011 about CT, MRI  exam-
inations and outpatient services of radiologists.
The study analyzed diagnostic radiology services provided at
healthcare institutions (HCI) that have contracts with the Terri-
torial Health Insurance Fund (THIF). The services were analyzed
according to the following indicators: the physician’s professional
qualiﬁcation (a radiologist), the conditions of service provision
(outpatient or inpatient), and the number of provided services by
the patients’ age (total, 0–19 years, 20–39 years, 40–64 years, and
65 years and older) and gender.
To evaluate the trends over the last years, the study analyzed
data for the period of 2009–2011. Services provided by radiogra-
phers are not directly reﬂected in the NHIF reports because these
healthcare professionals are not ofﬁcially licensed for personal
healthcare activities, and do not have personal stamp num-
bers. In this study, we assumed that one service provided by of Radiology 83 (2014) 1292–1300 1295
a radiologist equals to one service provided by a radiographer
(subsequently—a radiology service). The study evaluated only the
radiology services (X-ray, mammography, DEXA, CT, MRI, and
nuclear medicine procedures) that always employed a radiog-
rapher as a team member.
• Data on the number of inhabitants by age groups and gender for
the period of 2000–2011, and the predicted number of inhabi-
tants by age groups and gender for the period until 2030 were
obtained from the annual reports by the Statistics Lithuania [20].
• Data on the number of radiology services and equipment during
the period of 2000–2011 was obtained from HI SIC annual reports.
The demand for radiographers until the year 2030 was fore-
casted on the basis of the service planning model. In Lithuania, this
technique had already been applied in the study “A Pilot Analysis
of Medical Personnel: Numbers, Demand, and Workload” [13,21].
Two  scenarios of the demand for radiographers were selected
(Table 2).
2.10. Increasing number of services
Irrespectively of the patients’ age and gender, the number of
radiology services is predicted to increase nearly every year dur-
ing the analyzed period. The average annual change in the number
of radiology services provided during the period of 2009–2011
was 0.4%. A signiﬁcantly higher change was  observed in the aver-
age number of CT and MRI  scans provided over the period of
2009–2011—by, respectively, 7 and 14% however, the annual pro-
jection of these trends until the year 2030 would be unrealistic,
and therefore, in order not to overestimate the possible rise in the
number of CT and MRI  scans, the inﬂuence of the rise in service
provision during 2009–2011 was  reduced by three-fold due to the
long prognostication period (Table 2).
2.11. Service complexity and new technologies
Despite the very rapid development of radiology so far, the
future development of technologies and novel radiology techniques
is difﬁcult to evaluate. On the basis of the study on the demand for
radiologists conducted at the University of California [22], the effect
of this parameter on the increase in the demand was set at 1% each
year—or 18% by the year 2030 in both scenarios.
This study used a classical assumption that the current number
of radiographers and their FTE is sufﬁcient, and the future demand
for these specialists was  forecasted on the basis of the provided
services and their distribution by the population’s gender and age
groups.
2.12. Gap analysis between supply and demand
The analysis of the gap was conducted by inter-comparing the
supply and demand scenarios for the evaluation excess or short-
age of radiographers in the future. We also attempted to evaluate
factors with the greatest impact on future radiographers workforce.
3. Results
3.1. Supply scenarios
3.1.1. Changes in the number of radiographers during 2000–2011
During 2000–2011, the number of radiographers in Lithuania(Table 3) dropped from 964 to 869—or by nearly 10%; however,
due to the decreasing population, the number of radiographers per
10,000 population remained nearly unchanged—ca. 2.7 (average
annual change—0.02%).
1296 A. Vanckaviciene et al. / European Journal of Radiology 83 (2014) 1292–1300
Table 3
Changes in the number of radiographers in Lithuania during 2000–2011.
Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Population
(thousands)
3499.5 3481.3 3469.1 3454.2 3435.6 3414.3 3394.1 3375.6 3358.1 3339.4 3286.8 3222.2
Number of
radiographers
964 946 931 922 919 909 904 914 935 913 881 869
FTE  of
radiographers
969.00 944.35 956.19 940.35 953.75 983.35 1001.45 1060.52 1092.72 1006.32 966.26 995.36
Number of
radiographers
per 10,000
population
2.71 2.72 2.68 2.67 2.67 2.66 2.66 2.7 2.78 2.73 2.68 2.7
FTE  per 10,000 2.76 2.71 2.76 2.72 2.78 2.88 2.95 3.14 3.25 3.01 2.94 3.09
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Differently from the number of radiographers, the number of
TE during the analyzed period increased by 2.7%—from 969 to
95.36 FTE, or from 2.76 to 3.09 FTE per 10,000 population (average
nnual change—+1.01%), while in 2008, it increased by as much as
2.8%; thus, the curves representing the growth in the number of
adiographers and FTE did not cross after 2001 (Fig. 1).
In 2012, 869 radiographers were working in Lithuanian HCIs; of
hese, only 2.8% were males. The radiographers’ average age was
4.5 years. Only 6% (n = 53) of them were younger than 30 years;
3% (n = 111) were 31–40 years of age, and 27% (n = 232) were 41–50
ears old. The major part – 40% (n = 348) – of radiographers were
n the age group of 51–60 years, and 14% (n = 123) were older than
1 years of age. Thus, over one-half of radiographers in the labor
arket were older than 51 years of age.
During 2009–2011, the average ratio between radiographers
n = 888) and FTE (n = 989) was 1.11 [8], which suggests that most
pecialists had workload exceeding that of one FTE—i.e. more than
8 h per week (Table 3).
.1.2. Prognosis for the supply of radiographers during
012–2030
According to the intermediate scenario, the supply of radiog-
aphers will increase by 3.6% (n = 31) in 2020, and by nearly 7%
n = 60)—in 2030.
In the perspective supply scenario, the predicted number of
adiographers in the labor market in 2020 will be 875, and in
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Fig. 1. Number of radiographers and FTE in Lithuan1.08 1.1 1.16 1.16 1.1 1.09 1.15
2030—856, and this reduction will be due to student drop-out (16%)
and emigration rates (0.5%).
Despite that, in both scenarios, the FTE of radiographers per
10,000 population at the end of the studied period will be higher
than that in 2012, which is due to the declining population and
older retirement age (Fig. 2).
The average annual change in the FTE of radiographers per
10,000 population will be 0.81% in the intermediate scenario, and
0.35%—in the perspective scenario. The total change throughout
the studied period will be 15.7% in the intermediate scenario, and
6.5%—in the perspective scenario (Fig. 2).
3.2. Demand forecast scenarios
3.2.1. Demographic changes in the population
It has been predicted that by 2030, the Lithuanian population
will decrease by 7.61% [23], and yet even decreasing – but aging
– population may  cause an increase in the number of radiological
services [2,17,22].
On the basis of the evaluation of factual data on radiology ser-
vices, CT and MRI  scans for 2009–2011, the change in the demand
for services was forecasted with respect to the factual demand and
the patients’ gender and age groups (Table 4).The results suggest that despite the negative predicted change
in the population, the demand for radiographers will signiﬁcantly
increase due to the aging of the population and the increase in the
number of CT and MRI  scans per 1000 population.
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.3. Gap analysis
During the last stage of the study, the two supply and demand
cenarios were compared (Fig. 3). The evaluation of the fac-
ual NHIF data on radiology services and CT and MRI  scans for
009–2011 showed that the average number of services provided
nnually was 1595,204. We  presumed that these services were
rovided by radiographers in 989.3 FTE (the average FTE during
009–2011)—on the average, 1612 services per year for one FTE.
he gap analysis was based on this ratio.
The evaluation of the perspective supply and demand scenarios
which are most likely) gap increases from the period of 2016–2017
n, and in 2020, a shortage of 0.13 FTE per 10,000 population is
redicted, while in 2030, this shortage is expected to reach 0.37
TE per 10,000 population.
To ensure the supply of radiographers in the perspective
emand scenario, annual enrolment in radiography programs rate
hould be 45 students starting with 2013, so that 37 radiographers
nter the labor market every year beginning with 2017.. Discussion
Lithuania is deﬁned as a country with aging population. In
arly 2011, 21.6% of the population was 60 years of age and older,
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compared to 19.2% of such people at the beginning of 2001 [19].
The same trend is observed in the other EU countries.
The aging of the population may  cause an increase in the demand
for health care services including radiology services even without
an increase in the total population, as older people use such services
3–4 times more [22].
The evaluation of the demand for radiographers’ services by
patients’ gender and age groups in Lithuania also showed that
the highest number of radiology services during 2009–2011 was
provided to male and female patients over 65 years of age, respec-
tively, 70% and 75%. It was  nearly three times as high as that
provided to male and female patients in the age group of 0–19
years.
The generalization of the inﬂuence of population changes during
2012–2030 on the demand for radiographers’ services showed that
a positive change in the demand for radiology services was due to
the increasing population of men  and women over 65 years of age,
and a negative change—due to the decreasing population of men
and women aged 20–39 years; this change was not compensated
by the population’s aging and its greater demand for radiogra-
phers’ services. Thus, factual data showed that the total predicted
demand for radiology services and MRI  scans during the analyzed
time period would be dropping, while the need for CT scans would
be slightly increasing (Table 4). The evaluation of the demand sce-
narios with respect to radiographers and their FTE showed that
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in the intermediate scenario, the demand for radiographers would
decrease by 4.7% (n = 42), while the demand for FTE per 10,000
population would rise due to the negative change in the popula-
tion number, and at the end of the studied period would reach 3.1
FTE per 10,000 population. The reduction in the demand was not
compensated by the annual 1% inﬂuence of the growth of service
complexity and new technologies.
The evaluation of the demand perspective scenario with respect
to radiographers and their FTE showed that the demand for radio-
graphers would increase by 6.8% (n = 61; FTE = 67.2), and at the end
of the studied period would reach 3.49 FTE per 10,000 population
(Fig. 3). The increase in the demand was  compensated by accession
CT, MRI  examinations and the annual 1% inﬂuence of the growth of
service complexity and new technologies.
According factual data, despite the fact, that the population
decreased by about 4% from 2009 in 2011, the number of outpa-
tient radiology services increased 4%, CT examinations 22% and
MRI  35% (more than one third) increased from 2009 in 2011. So
radiographers currently have very busy practices, as radiographers
and their FTE per 10,000 practically unchanged during this period
(Table 3).
Also, an increasing prevalence of neoplastic and other chronic
diseases as well as the development of the existing and newly
emerging preventive screening programs for the elderly will result
in a rising demand for radiographers [24]. On the other hand, digi-
tal examination systems and teleradiology may reduce the demand
for radiographers because more examinations can be performed
within the same time period, and yet a radiographer – due to the
skill mix  – spends more time performing administrative functions
[9,25], and conduct more specialized examinations [24,26]. Despite
the fact that the development of radiology so far has been especially
rapid, the future development of technologies and novel radiolog-
ical examination and treatment techniques is difﬁcult to predict
[22].
Several studies have been performed in Lithuania, evaluating
the supply and demand for human resources (mostly, physicians)
in different professional qualiﬁcations [13,15,16,21], yet this is the
ﬁrst study on the supply and demand for radiographers. Literature
survey has yielded only a few studies on the planning of the supply
and demand for these specialists in other countries [27]. Normat-
ive (expert) supply–demand method has been applied in Ireland,
Australia, and the US [9,17,22].
This study has several strengths. We  applied needs-based
method, that assesses the population’s use of radiographers’ ser-
vices by age and gender—which has not been applied before.
Baseline estimates are taken from primary data sources, which col-
lects data for statistical purposes and have internal quality control
policy. The model can thus generate robust estimates of supply and
demand at the national level over a longer time frame suitable for
workforce planning.
Simulation weaknesses. The model inputs for the calculation of
workforce supply and demand through this modeling are primarily
based on quantiﬁable historical trends and future projection rele-
vant to the radiographers’ services demand, an assumption which
implicitly accounts for population projection, based on differing by
age and gender, need for outpatient radiology services and for CT,
MRI  examinations has been made. The modeling, however, does
not take into account qualitative issues which may  affect supply
and demand modeling, including such issues as changing models
of care or government policy. We  neither took into account the
potential for a return to practice after a career break, maternity
leave as radiography in Lithuania has been dominated be women
(97.2%), unlike other countries, women  do not tend to work part-
time. Undoubtedly, the applicability of this technique was limited
by the absence of accurate information in the database on the ser-
vices provided by radiographers. For this reason, we  only used data
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n radiology services where a radiographer was involved—and also
ata on CT and MRI  scans.
The supply of the specialists heavily depends on the education
ystem and training issues [25,28]. In Lithuania from 2013 year,
 bachelor program in radiography has been introduced, which
ill transfer radiographers’ education from non-formal profes-
ional training to the level of higher education and will correspond
o EU standards. The management of the supply and demand for
adiographers will become much more complicated than before,
n the other hand—more comparable with other countries. Thus,
his study is timely and relevant.
Taking into account emigration rates of other healthcare spe-
ialists in Lithuania, emigration of radiographers will be stimulated
y the elimination of education disparities since 2017, and by the
oung age of the graduates. So, the perspectives supply scenario,
hich takes into account a 0.5% annual migration, 16% drop-out
ates and a stable enrolment to radiography programs, is the most
robable.
The evaluation of the factual data on the change in the num-
er of radiological diagnostic equipment and radiology services, as
ell as changes in the number of CT and MRI  scans showed that,
espite the development of radiology in Lithuania during the last
wo decades, the country is still seriously lagging behind, compared
o the average EU level.
The analysis of data on CT and MRI  equipment and the number
f procedures in the OECD database for the period of 2009–2011
howed that the number of CT and MRI  scans increased in all
ountries. These data suggest that during the next decades, the
umber of CT and MRI  scans in Lithuania also may  increase. This
ould result in a signiﬁcant rise in the demand for radiographers.
On the other hand, we see that the number of the provided ser-
ices per 1000 population is signiﬁcantly lower than that in other
ountries, which may  be due to various reasons, including lacking
uman resources, principles of work organization, political deci-
ions, etc.
. Conclusions
The profession of a radiographer in Lithuania is going to face
igniﬁcant challenges in the future, as changes in professional
ducation, demographic characteristics, and a growing demand
or radiology services will signiﬁcantly inﬂuence the supply of
mployees. In the perspective supply scenario, the reduction in
he supply will be most inﬂuenced by new variables emerging due
o the changes in professional education—student drop-out and
migration.
In the most probable perspective scenarios of supply and
emand, a shortage of 40 radiographers is predicted in 2020,
nd in 2030, the shortage will be 102 (or 3 radiographers per
00,000 population). To ensure sufﬁcient supply of radiographers
y 2030, the number of new students should be increased by nearly
0%.
Signiﬁcantly more detailed data on radiographers’ services as
ell as the register of these data are required for more precise and
etailed studies on the supply and demand for radiographers.
Reaching a balance between supply and demand is a very com-
lex (yet important) aim; achieving it would ensure not only
ptimization of radiology services, but also sustainable future activ-
ty of the healthcare system.onﬂict of interest statement
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